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The stereochemistry of a number of the 9a-substituted quinolizidine methiodides was
established, and confirmed from their ¥*C-nuclear magnetic resonance (NMR) spectra.
The N+-methyl signals of the #rans Qa-substituted quinolizidine methiodides were found
to appear at lower field than those of the corresponding cis methiodides except for the
9a-cyano methiodides in their NMR spectra. On quaternization of the 9a-substituted

. quinolizidines with methyliodide, the formation of the cis methiodide vs. the corresponding
trans methiodide increased according to the order of the bulkiness of the 9a-substituents
as CH,NO,>CH,OH>CH,>CN>H.

It is well known that substituted quinolizidines exist in a frans- and/or a cis-fused con-
formation and that those having an axial bulky substituent (R) in a #ans conformation (Ia)
exist predominantly in a cis conformation

(Ib) with an equatorial substituent (R).» R W
In addition, the formation of two possible  (ax)& N -
methiodides® by reaction of benzoquinolizi- I (ed) )
dines with methyl iodide and the stereo- :
chemistry of methylquinolizidine methio- 4 R

H

dides® have been reported so far. Arata, et H W
al. have obtained 9a-cyano,” 9a-hydroxyme- M
thyl-® and 9a-nitromethylquinolizidine® N

methiodides, whose configurations were re- Ila
mained unsettled.

As there exist four 1,3-diaxial interac- R R
tions between the substituent (R) and the W
hydrogens in the frans conformation (ITa) of II\V? CHs~N* I-
9a-substituted quinolizidines, the bulkier the CHs
substituent (R) becomes, the more unstable Ile 0 1d
the ¢rans conformation (ITa) would become in GH:OH o G
comparison with the ¢is conformation (IIb), N A0y
and therefore, the more the formation of the
cis methiodide (IId) vs. the trans methiodide Ila : IIIb
(IIc) would increase on quaternization with Chart 1
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methyl iodide. We now report the stereochemistry of a number of 9a-substituted quino-
lizidine methiodides and the influence of the 9a-substituents on the quaternization ratio
of trans and cis methiodides.

The product obtained by quaternization. of Sa—methquumohzldme (IV)1 with methyl
iodide was fractionally recrystallized to give two isomeric methiodides in the 1:1 ratio: the
methiodide (V), mp>800°, NMR 7: 6.83 (N+-CHj,), less soluble in water, and the methiodide
~(VI), mp>300°, NMR 7: 6.97 (N+-CHj,), comparatively soluble in water. The infrared (IR)
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10) N.J. Leonard, A.S. Hay, R.W. Fulmer and V.W. Gash, J. Am. Chem. Soc., 77, 439 (1955).
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and nuclear magnetic resonance (NMR) spectra of both methiodides were quite different from
each other. Arata, ¢f al. already reported® that 9a-hydroxymethylquinolizidine (III) exists
as the conformational equilibrium mixture of IITa and IIIb on the basis of its IR spectrum
in carbon tetrachloride. The quaternization product of III, IR »X& cm~1: 2750 (Bohlmann
band), with methyl iodide exhibited N*-methyl signals at 6.78 and 6.96 7 in its NMR spectrum.
The measurement of the areas of both signals indicated that the product is a mixture of two
isomeric methiodides (VII and VIII) in the 1:5 ratio. Recrystallization of the product
from ethanol gave the major methiodide (VIII), mp>>300°, NMR 7: 6.96 (N+-CH,) and the
mixture of VII and VIII in the 1: 1 ratio. The mixture could not be further separated into
each other.

Based on the NMR spectral data in which angular methyl groups in cis-decalins show
at lower field than those in frans-decalins,!® Moynehan, ef al.% have inferred the ring ]uncture
for 1-, 2-, 3- and 4-methylquinolizidine methlodldes However, as shown in Table I, in cis-
and #rans-methyldecalins having another angular substituent, angular methyl signals in cis-
fused series apper at higher field than those in frans-fused series except for the case with the
cyano substituent in the NMR spectra. On the basis of these observations, trans-fused struc-
ture was postulated for V and VII, and cis-fused structure for VI and VIII. These assignments
were proved to be correct from the 33C-NMR spectra of V.and VI. As the frans-fused structure
(V) has a plane of symmetry included CH;~C®*-N+-CH, in its molecule, C-1 and C-9; C-2 and
C-8; C-3 and C-7; C-4 and C-6 would be expected to be magnetically equivalent to each other.
Table II shows that the #rans methiodide (V) exhibited four signals due to the ring carbons
besides C-9a, and that the cis methiodide (VI) showed individual signals due to each of the
ring carbons. The stereochemistry of V and VI was thus established as #rans and cis,
respectively. An attempt to transform VIII into VI was unsuccessfully carried out.

Tasre I. NMR Spectral Data of Angular Methyl Signals of Decalins (1)
and Steroids (2, 3 and 4)

foe aﬁﬁwpaﬁﬁ

Compound Chemical shift (z)
—_—— —— Reference
A R trans cis
1 H, OH 9.01 9.09 12
1 (0] OH 8.78 8.87 12
2 —_ OH 9.03 9.09 12
3 — CH, 8.74™ 9.10® 13
4 (0] CN 8.85 8.72 14, 15
N“OAC
4 S CN 9.04 8.82 14, 15

@) Other angular methyl signal at C; in 3 (fans and cis) appeared at 8.98 (Cs-a-CHy) and 9.14 ¢
(Cs-8-CHy), respectively.

11) J.I. Musher, J. Am. Chem. Soc., 83, 1146 (1961). v
12) K.L. Williamson, L.R. Sloan, T. Howell and T.A. Spencer, J. Org. Chem., 31, 436 (1966).
13) W.G. Dauben and E.]J. Deviny, J. Org. Chem., 31, 3794 (1966).

14) A.D. Cross and I.T. Harrison, J. Am. Chem. Soc., 85, 3223 (1963).
15) J.M. Jackman and G.Y. Sarkis, Bull. Chem. Soc. ]apom, 42, 1179 (1969).
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" Tasre II. WBC-NMR-Spectral Data of 9a-Substituted Quinolizidine
Methiodides {V, VI, XVII, XII and XIV)

9 R1
8 2
7\ _NT J3
§ 84 -
CHs .
Compound " Chemical shift (ppm from TMS, in CF3CO,D)
R C;,Co CpCy CyC, CpCy Cou N+-CH,  Other signal
' CH, (rans)  33.45 18.00 20.51 61.20 70.34 43,12 18.73 C—CHs)
VI = CH, (cis) SLAT 1889 L4 aaos 0997 48.38  22.81(C-CH)

XVII  CH,NHAc (trans) 28.39 18.06 20.14 61.40 72.22 44.80 38.54 (CH,NH)

0)

(
(C-

22.72 (COCHs)
179.73 (C §
(

22.67 (COCH,)

' . 26.99 18.35 60.96
CXII. CH,NHAc (cis) : 35 9116 999 7913 48.97 43,93 (CH,NH)
| 2 31.02  19.03 64.17 170.88 (GO
XIV  CN (trams) 31.95 20.51 20.51 66.13 72.85 42.47 116.12 (CN)

Reaction of Al:%-dehydroquinolizidine with nitromethane did not give the expected
9a-nitromethylquinolizidine (IX) presumably because of its instability, however, as previously
reported, the same reaction was carried out in the presence of methyl iodide to give only one
methiodide (X),” mp 224—225° (decomp.), NMR 7z: 6.84 (N+-CHj,), which was converted to
the 9a-aminomethyl methiodide (XI),” NMR z: 6.93 (N*-CHj), and then to the 9a-acetamido-
methyl methiodide (XII),” NMR 7: 6.85 (N+-CH;). On the other hand, quaternization of
9a-cyanoquinolizidine (XIII),’® IR »$%* cm—1: 2760, 2670 (Bohlmann bands), with methyl
iodide afforded a mixture of two isomeric methiodides (XIV and XV), NMR z: 6.74 and 6.55
(N+-CH,), in the 17: 1 ratio calculated from its NMR spectrum, from which the major methio-
dide (XIV), mp 241—243° (decomp.), NMR 7: 6.74, was isolated by recrystallization from
water. In order to correlate XIV to the above-mentioned methiodides (XI and XII), the
methiodide (XIV) was hydrogenated over platinic oxide to give the isomeric 9a-aminomethyl
methiodide (XVI), NMR 7: 6.68 (N+-CH,) though in a poor yield, which was then acetylated
to the isomeric 9a-acetamidomethyl methiodide (XVII), NMR 7: 6.75 (N*—CHj,). Treatment
of XIV with silver oxide and then hydroiodic acid gave the amide (XVIII), NMR 7: 6.73 (N*-
CH,). Chemical shifts of N+-methyl signals of the methiodides (XVI and XVII) derived from
XIV were lower than those of the isomeric methiodides (XI and XIT) derived from X, respec-
tively, suggesting that XIV, XVI, XVII and XVIII are {zans and that X, XI, XII and XV
are cis. These assignments were also confirmed unequivocally from the 33C-NMR spectra of
XIV, XII and XVII as shown in Table II. Contrary to the other 9a-substituted quinolizidine
meth10d1des, the N+-methyl signal of the t7ans- 9a-cyano methiodide (XIV) was found to appear
at higher field than that of the corresponding cis methiodide (XV) presumably because of the
anisotropy of the triple bond in their molecules. This observation is consistent with that in
5-cyano steroids.4:1%)

Reaction of XI with sodium nitrite in 509, aqueous acetic acid at room temperature,
followed by treatment with sodium iodide, gave in 539, yield an unexpected product (XIX),
mp 2568—260° (decomp.), which was assumed to be 9a-hydroxyiminomethylquinolizidine
methiodide from its elemental analysis and IR spectrum [+§& cm—t: 8375, 1620 (oxime)].
This reaction, when carried out at 80°, gave the formyl methiodide (XX), mp 246—248°

16) N.J. Leonard and A.S. Hay, J. Am. Chem. Soc., 78, 1984 (1956).

NII-Electronic Library Service



No. 2 337

(decomp.), IR #%& cm™1: 1730, in 539, yield accompanied with a small amount of XIX.
A mechanism for the reaction of XI with nitrous acid to XIX may be illustrated in Chart 3,
since it was found that the bands with strong intensity appeared at 2255 (N+=N) and 1665 cm—1
(NO,) in the IR spectrum of the product obtained in the beginning of the reaction and that
the nitromethyl methiodide (X) was readily converted to XIX and XX under the same reaction
condition as that for XI.

CHZNOZ

CH.N.* CH:"
XI HNO, L N 14 NO. T+
| I
Ha ([sz CHs
A 5
HON=CIN_ HON=CH
HNOz Nal
— N* N*
é}k é}h
Chart 3

Reduction of the cis formyl methiodide (XX) with sodium borohydride afforded the cis
hydroxymethyl methiodide, mp>>300°, which was identical with the methicdide (VIII) derived
from IIT in IR and NMR spectra. Therefore, the previously assigned stereochemistry of VII
and VIII was proved to be correct as depicted.

Tasre III. NMR Spectral Data of N+-Methyl Signals of 9a-Substituted
Quinolizidine Methiodides and The Quaternization Ratio
of trans and cis Methiodides

e
Compound Chemical shift (z, in D,0) Ratio
R trans cis trams : cis

H 7.04% 6.85% 1:09
CN 6.74 6.55 17:1
CH, 6.83% 6.979 1:1
CH,0H 6.78 6.96 1:5
CH,NO, 6.84 0:1
CH,NH, 6.68 6.93
CH,NHAc 6.75 6.85

@) The angular methyl signals at C-9a in #7axs and cis methiodides appeared at 8.35 and

8.51 7, respectively,

Thus, the stereochemistry of 9a-substituted quinolizidine methiodides was clarified and
these results are summarized in Table I1I and as follows:
1) The Nt-methyl signals of cis 9a-substituted quinolizidine methiodides appeared at
higher field than those of the corresponding #7ans methiodides except for the 9a-cyano me-

thiodides in their NMR spectra.

2) On quaternization of 9a-substituted quinolizidines with methyl iodide, the formation
of the cis methiodide in comparison with the #7ans methiodide increased according to the order
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of the 9a-substituents as CH,NO,>CH,0OH>CH,>CN>H.” This order corresponds
essentially with that of their bulkiness. .

3) The B3C-NMR spectrum is the most conclusive method for the determination of the
stereochemlstry of 9a-substituted quinolizidine methiodides.

4) It is very interesting that the quaternization ratio (5: 1) of czs and frans methiodide
obtained from 9a-hydroxymethylquinolizidine (III) was very similar to the equilibrium ratio
(78: 22)1 of cis and #rans conformer (IIIb and IIla) calculated from the IR spectrum
of III.

Experimentall®

trans- and cis-9a-Methylquinolizidine Methiodide (V and VI) A solution of 9a-methylquinolizidine!®
(IV, 600 mg) and Mel (2 g) in MeOH (1 ml) was kept standing in a refrigerator for 1 day and the reaction
mixture was evaporated in vacuo. The residue was recrystallized from H,O to give the frans methiodide
(V, 426 mg (37%)), mp>>300°, as colorless cubes. NMR 7: 6.83 (3H, s, N*—CHj,), 8.35 (3H, s, C-CH,).
Awnal. Caled. for C, H,,NI: C, 44.75; H, 7.51; N, 4.74. Found: C, 44.84; H, 7.51; N, 4.70.

The mother liquor was evaporated in vacuo and the residue was recrystallized from H,O to give the cis-
methiodide (VI, 405 mg (35%)), mp>>300°, as colorless pillars. NMR 7: 6.97 (3H, s, N*—CH,), 8.51 (3H, s,
C-CH,). Anal. Calcd. for C,,H,,NI: C, 44.75; H, 7.51; N, 4.74. Found: C, 45.06; H, 7.50; N, 5.00.

trans- and cis-9a-Hydroxymethylquinolizidine Methiodide (VII and VIII)——1) From III: A solution
of 9a-hydroxymethylquinolizidine® (III, 415 mg) and MelI (1 g) in MeOH (4 ml) was kept standing at room
temperature for 8 days and the reaction mixture was evaporated in vacuo. The residue, NMR 7: 6.78 (0.5 H,
s, N*—CH,), 6.96 (2.5H, s, N+—CH,), was recrystallized from EtOH to give the cis methiodide (VIII, 470 mg
(629%)), mp>>300°, as colorless scales. IR »XBI cm~1: 3340 (OH). NMR =z: 6.01 (2H, s, CH,OH), 6.96 (3H,
s, N*—CH,), (in d,-DMSO) 4.75 (1H, br, OH, disappeared by addition of D,0), 6.17 (2H, s, CH,OH), 6.92
(8H, s, N+—CH,). Anal. Calcd. for C;;H,,ONI: C, 42.45; H, 7.13; N, 4.50. Found: C, 42.70; H, 7.32; N,
4.27.

The mother liquor was evaporated in vacuo and the res1due was recrystallized from EtOH to give a mix-
ture of the frans and cis methiodides (VII and VIIT, 240 mg (31%)) in the 1: 1 ratio, as colorless fine crystals.
NMR 7: 5.68 (1H, s, CH,OH), 6.01 (1H, s, CH,OH), 6.78 (1.5H, s, N*—CH,), 6.96 (1.5H, s, N*+—CH,).

2) From XX: To a solution of XX (70 mg) in MeOH (5 ml) was added NaBH, (13 mg) at room tem-
perature. The reaction mixture was stirred for 4 hr and evaporated i» vacuo. ‘The residue was recrystallized
from EtOH to give VIII (53 mg (75%)), mp>>300°, as colorless scales, which was identical with VIII obtained
in 1) in IR and NMR spectra. '

trans- and cis-9a-Cyanoquinolizidine Methiodide (XIV and XV) The crude methiodide? (1.10 g) ob-
tained from 9a-cyanoquinoliziaine!® (XIII) was recrystallized from H,O to give the trans methiodide (XIV,
730 mg), mp 241—243° (decomp.) (lit.” mp 242-—243° (decomp.)), as colorless pillars. NMR 7z: 6.74 (3H,
s, N+—CH,).

The mother liquor was evaporated i vacuo to give a mixture of the frans and cis methiodides (XIV and
XV, 362 mg), in the 5: 1 ratio, as a pale brown solid. NMR z: 6.74 (2.56H, s, N*—CH,), 6.55 (0.5H, s, N+—
CH,).

~ trans-9a-Aminomethylquinolizidine Methiodide (XVI) The methiodide (XIV, 1.0g) was hydrogenated
in H,O (200 ml) over PtO, (500 mg) in an atmospheric pressure and room temperature for 20 hr. The catalyst
was filtered off and the filtrate was evaporated in vacuo. The residue was extracted with EtOH and the
extract was evaporated in vacuo. The pale brown residue was recrystallized from H,O to give XVI (85 mg
(8.4%)), mp 226—227°, as colorless scales. IR »%Ef cm~1: 3420, 3240 (NH,). NMR 7: 6.30 (2H, s, CH,NH,),
6.68 (3H, s, N+—CH,). Anal. Calcd. for C;;H,,N,I: C, 42.58; H, 7.47; N, 9.03. Found: C, 42.50; H, 7.19;
N, 9.03.

trans-9a-Acetamidomethylquinolizidine Methiodide (XVII) A mixture of XVI (40 mg) and Ac,O
(5 ml) was heated at 100° for 1 hr with stirring and evaporated % vacuo. The residue was recrystallized
from EtOH to give XVII (35 mg (76%)), mp 220—221°, as colorless pillars. IR »53% cm~1: 3280, 1680, 1530

17) Quinolizidine itself gave only frans quinolizidine methiodide on quaternization with methyl iodide.®

18) Private communication from Dr. H.S. Aaron, Chemical Laboratory, Aberdeen Proving Ground, U.S.A.,
to whom we are very much obliged.

19) All melting points were measured with a Yanagimoto Micro Melting Point Apparatus and are uncor-
rected. IR spectra were measured with a Spectrophotometer IR-G, Japan Spectroscopic Co., NMR
spectra with H-60-C, Japan Electron Lab. Co., using DSS as an internal standard in D,O unless otherwise
stated, and B3C-NMR spectra with PS-100/PFT-100, Japan Electron Lab. Co., at 25.1 MHz using
TMS as an internal standard in CF;CO,D.
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(CONH). NMR =: 5.82 (2H, s, CH,NH), 6.75 (3H, s, N*—CH,), 8.00 (8H, s, COCH,). Anal. Calcd. for
C,.H,:ON,I: C, 44.32; H, 7.15; N, 7.95. Found: C, 44.33; H, 7.12; N, 7.98.

trans-9a-Carbamoylquinolizidine Methiodide (XVIII) To a solution of XIV (2.9g) in H,O (5 mly
was added Ag,0 (7.5 g) and the reaction mixture was stirred at room temperature in a dark place for 8 hr
and filtered. The filtrate was evaporated in vacuo and the residue was dissolved in H,O (2 ml). The solu-
tion was neutralized with 109 HI and filtered. The filtrate was evaporated in vacuo and the residue was
recrystallized from EtOH to give XVIII (1.9 g (62%)), mp 286—287° (decomp.), as colorless cubes. IR
YEB: em-1: 3325—3180 (NH,), 1690 (CO). NMR z: 6.73 (3H, s, N*—CH;). Anal. Caled. for C,1H,,ON,I:
C, 40.75; H, 6.53; N, 8.61. Found: C, 40.87; H, 6.61; N, 8.35.

cis-9a-Hydroxyiminomethylquinolizidine Methiodide (XIX)——1) From XI: To a solution of XI
(300 mg) in 50% aq. AcOH (10 ml) was added NaNO, (150 mg) in small portions. The reaction mixture
was kept standing at room temperature for 30 min and then evaporated % vacuo. The residue was dissolved
in a small amount of H,O and the solution was washed with CHCI, to remove I, deposited. To the aqueous
layer was added Nal (200 mg). The precipitate was collected by filtration and recrystallized from H,O to
give XIX (165 mg (53%)), mp 258—260° (decomp.), as colorless cubes. IR »E2t cm~1: 3375, 1620 (=NOH).
NMR 7: 6.86 (3H, s, N*—CH,). Anal. Caled. for C;Hy,ON,I: C, 40.75; H, 6.53; N, 8.61. Found: C, 40.80;
H, 6.59; N, 8.35. .

9) From X: To a solution of X (405 mg) in 50% aq. AcOH (10 ml) was added NaNO, (200 mg) in
small portions. The reaction mixture was treated in the same procedure as that described in 1) to give XIX
(195 mg (51%)), mp 258—260° (decomp.), which was identical with XIX obtained in 1) in IR and NMR
spectra.

cis-9a~-Formylquinolizidine Methiodide (XX)——1) From XI: To a solution of XI (300 mg) in 50% aq.
AcOH (10 ml) was added NaNO, (150 mg) in small portions. The reaction mixture was heated at 80° for
1 hr and treated in the same procedure as that described for XIX to give the precipitate, which showed bands
due to XX accompanied with faint bands due to XIX. The crude product was recrystallized from EtOH
to give XX (158 mg (53%)), mp 246—248° (decomp.), as colorless prisms. IR yEEr cm-1: 1730 (CO). NMR
7: 6.70 (3H, s, Nt+—CH,). Amnal. Calcd. for C,,H,,ONI: C, 42.72; H, 6.52; N, 4.53. Found: C, 43.00; H,
6.92; N, 4.98.

9) From X: To a solution of X (208 mg) in 50% aq. AcOH (5 ml) was added NaNO, (100 mg) in small
portions. The reaction mixture was treated in the same procedure as that described in 1) to give XX (65 mg
(229%)), mp 246—248° (decomp.), which was identical with XX obtained in 1) in IR spectrum.
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